background: Polycystic ovary syndrome (PCOS) is considered to be the most common endocrine disorder in women of reproductive age, yet debate over appropriate diagnostic criteria and design limitations with sampling methodology have left some doubt as to the actual prevalence in the community. The objective of this study was to create a representative prevalence estimate of PCOS in the community under the National Institutes of Health (NIH) criteria and the more recent Rotterdam consensus criteria and Androgen Excess Society (AES) criteria.
Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine disorder of women, characterized by a heterogeneous presentation of hyperandrogenism and ovulatory dysfunction. The aetiology is unknown but it has important long-term health implications, having been associated with type 2 diabetes, risk factors for cardiovascular disease (Amowitz and Sobel, 1999; Dokras, 2008) and endometrial carcinoma (Dahlgren et al., 1991) . As such, this disorder is a significant public health concern in society, which therefore indicates a need to accurately identify the proportion of women affected.
Despite PCOS being considered the most common endocrine disorder in women of reproductive age (Azziz et al., 2004; Chang, 2004; Kauffman et al., 2008) , prevalence estimates are highly variable, ranging from 2.2% to as high as 26% (Knochenhauer et al., 1998; Diamanti-Kandarakis et al., 1999; Michelmore et al., 1999; Asuncion et al., 2000; Azziz et al., 2004) . This variability is due to several factors. Firstly, diagnosing the disorder is logistically difficult, with the necessity to carry out blood or ultrasound tests. This has resulted in prevalence studies being based on convenience samples and generally not exceeding 400 participants. For example, participants in commonly cited prevalence studies have been University employees (Knochenhauer et al., 1998; Azziz et al., 2004) , or blood donors (Asuncion et al., 2000) but there has been no indication of the representativeness of these subgroups in the studies. Secondly, considerable heterogeneity in the presentation of symptoms has contributed to a lack of agreement over the diagnostic criteria used to define the condition. Recently new criteria have emerged but existing prevalence estimates have been based on prior National Institutes of Health (NIH) criteria (The Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group, 2004; Azziz et al., 2006) . Consequently, there exists the necessity to provide an estimate of PCOS prevalence that is both representative and takes into account the differences in diagnosing the disorder.
The NIH diagnostic criteria were based on a consensus of experts who concluded that women have PCOS if they present with the combination of chronic oligo-or anovulation and clinical or biochemical signs of hyperandrogenism, with the exclusion of related disorders (Zawadski and Dunaif, 1992) . A more recent workshop in Rotterdam, The Netherlands, gave rise to the Rotterdam criteria. This workshop suggested the addition of a third criteria-the presence of polycystic ovaries-as well as a statement that any two of the three criteria were sufficient for a positive diagnosis (The Rotterdam ESHRE/ASRMSponsored PCOS Consensus Workshop Group, 2004) . In contrast, the Androgen Excess Society (AES) maintains that androgen excess is a central feature of the disease and that PCOS should be defined by the presence of hyperandrogenism (clinical and/or biochemical) in combination with ovarian dysfunction (oligo-anovulation and/or polycystic ovaries), again with the exclusion of related disorders from other causes .
No dedicated prevalence studies have used the Rotterdam or AES criteria to assess PCOS prevalence in a Caucasian population, although two have used the Rotterdam criteria in Asian populations (Chen et al., 2008; Kumarapeli et al., 2008) . However, it is unlikely that these prevalences are applicable to Caucasians as the presentation of PCOS symptoms appears to vary considerably between Asian and Caucasian populations (Balen and Michelmore, 2002) . Several small studies have applied the Rotterdam criteria to a Caucasian population and although they have not been dedicated prevalence studies, they suggest that PCOS prevalence could effectively double under the Rotterdam criteria (Lowe et al., 2005; Broekmans et al., 2006) . Consequently, the PCOS prevalence commonly referenced in literature is not consistent with current opinion on appropriate diagnostic criteria and therefore a gap exists in the literature to provide a PCOS prevalence estimate using the three sets of criteria.
To address the shortfalls discussed, this study reports on PCOS prevalence under all three diagnostic criteria-the NIH, Rotterdam and AES. Furthermore, by carrying out a large community-based, highly inclusive study, this affords the utmost opportunity to provide a representative value of PCOS prevalence in the community. To achieve this aim, we interviewed an unselected cohort of predominately Caucasian women aged 27-34 years, born in Adelaide, South Australia. In this group of women, we assessed the presence of relevant PCOS symptoms to determine the prevalence of PCOS under the NIH, Rotterdam and AES diagnostic criteria.
Materials and Methods

Participants
The survey was based on a cohort born in Adelaide, South Australia, in which all consecutive female babies born during January 1973 -December 1975 in the Queen Elizabeth Hospital (QEH), who survived to discharge, were traced when they were around 30 years of age. This sampling frame was chosen because it was the most logistically feasible, that maximized the representativeness in presenting prevalence and enabled further research on PCOS. Births at the QEH were broadly representative of those in Adelaide, as it was one of two major maternity hospitals, delivering approximately 12% of births in the city, with a geographically large catchment area and sociodemographic profile broadly representative of all women giving birth in South Australia. Daughters were usually traced through their mothers, whose details were in the hospital records. Where this was not possible alternative methods were used-for example, we searched phone records if there were a limited number with the surname, or historical birth announcements in the newspaper to identify the first name of the daughter, who was contacted directly using electoral roll information. From 2199 birth records, 2046 (93.0%) daughters were traced and 62 were deceased or disabled (3.0%), leaving 1984 (90.2%) women who were invited to participate in the study. Women living outside the Adelaide metropolitan area or interstate were excluded from the present study because they would not be able to attend the medical facility for an ultrasound scan (n ¼ 609). Of the 1375 (69.3% of 1984) living in Adelaide, the response rate of those agreeing to be interviewed was 52.9% (n ¼ 728; Fig. 1 
Study protocol
Interviews were conducted by trained research nurses, usually in the home of the participant. A medical history was obtained, gathering detailed anthropometry and focusing on the symptoms of PCOS-specifically menstrual irregularities and clinical hyperandrogenism, as well as other questions relevant to the diagnosis, such as gynaecological history and whether the participant had previously been diagnosed with PCOS. Anthropometry measurements were taken in duplicate and the mean was reported. Weight and percent body fat were obtained using a bio-impedance body analyser (Tanita TBF 5383611). Menstrual irregularity was assessed as the presence of chronic amenorrhea, or a usual cycle length of less than 21 days or more than 35 days, or greater than a 4-day variation between cycles (Polson et al., 1988; Cresswell et al., 1997) . Where there was a factor that may affect their menstrual cycle [i.e. currently using the oral contraceptive pill (OCP) (n ¼ 275) or other hormonal contraceptive measures (n ¼ 9), breastfeeding or pregnancy (n ¼ 14), or a relevant medical procedure such as a hysterectomy (n ¼ 4)], the women were asked to describe their former menstrual cycle. However, in some cases this was not possible (n ¼ 31); for example, they may have been taking the OCP almost continuously since menarche. Clinical hyperandrogenism was assessed as the self-reported degree of hirsutism using the modified Ferriman-Gallwey (mF-G) scoring method (Hatch et al., 1981) . The women compared the amount of body hair they had before hair removal with a chart displaying degree of hair growth in nine regions. If women reported menstrual irregularity and/or an mF-G score !8 they were invited to a clinical examination. The remaining women were considered to not have PCOS and therefore did not participate further.
Of the 277 women that met the clinical examination conditions, 108 (39.0%) consented to a vaginal ultrasound of the ovaries and blood test (Fig. 1) . Serum TSH, prolactin and 17-hydroxyprogesterone levels were Prevalence of polycystic ovary syndrome measured to exclude, respectively, hypothyroidism, hyperprolactinemia and congential adrenal hyperplasia as confounding causes for menstrual dysfunction. An additional 47 women had a blood test but no ultrasound. The study was approved by the QEH and the University of Adelaide ethics committees and all participants gave written consent.
Defining PCOS
Under the NIH criteria, PCOS was defined as the combination of menstrual disorders (as indicated previously) together with clinical and/or biochemical hyperandrogenism. Thus, it was not necessary for women to have the clinical examination to be assessed as having PCOS under the NIH criteria. For the Rotterdam criteria, PCOS was defined by the presence of two or more of the following; clinical and/or biochemical hyperandrogenism, menstrual disorders and polycystic ovaries. The AES definition was analogous to the Rotterdam criteria but excluded women with only menstrual dysfunction and polycystic ovaries. Clinical hyperandrogenism was defined by a mF-G score !8, derived from the 95th percentile of a population and chosen because it is commonly accepted as representing abnormal hair growth in a Caucasian population (Hatch et al., 1981; DeUgarte et al., 2006) . Free testosterone (free T) was used to assess hyperandrogenemia because it was considered one of the more sensitive methods (The Rotterdam ESHRE/ASRMSponsored PCOS Consensus Workshop Group, 2004); and elevated levels were delineated by the upper 95th percentile (34.2 pmol/l) in 100 women with no signs of PCOS with regard to menstrual history, hirsutism and polycystic ovaries-a method commonly used in previous PCOS prevalence studies to establish the normal free T range. Polycystic ovaries were identified by vaginal ultrasound, conducted in the follicular phase or when hormonal assessment showed no follicular activity. Ultrasounds were performed using a General Electric Logiq 5 scanner with an E8C 6.5 MHz micro-convex vaginal probe. A positive finding of polycystic ovaries required either 12 or more follicles measuring 2 -9 mm in diameter, or increased ovarian volume (.10 cm) in at least one of the ovaries (Balen et al., 2003) .
Hormonal analysis
Free T was calculated from the total testosterone and SHBG levels as described by Vermeulen et al. (1999) . SHBG activity was measured by immunoradiometric assay (IRMA) (Spectria SHBG IRMA, Orion Diagnostica, Finland) with intra-and inter-assay variations of 5.5 and 6.9%, respectively. Total testosterone was measured by radioimmunoassay (RIA) using the DSL-4100 kit (Diagnostic systems laboratories, Inc., Webster, TX, USA), with 8.1 and 10.5% intra-and inter-assay variations, respectively.
Statistical analysis
Descriptive statistics were generated to enable comparisons between groups. Continuous variables were checked for normality and means were presented with standard deviations, or medians and interquartile ranges, as appropriate. Distributions were compared using Student's t-test or Mann-Whitney U as appropriate. Categorical variables were compared using Pearson's x 2 test. A P-value of ,0.05 was considered significant. All statistical analyses were carried out in SPSS 15.0.0 for Windows (SPSS Inc., Chicago, IL, USA).
Since not all women who met the conditions for a clinical examination actually had an ultrasound, the additional number of women likely to have polycystic ovaries was calculated. This imputation was undertaken with the aforementioned women subdivided into PCOS phenotypes as per the Rotterdam criteria. For each phenotype subset, the proportion imputed to have polycystic ovaries was calculated by multiplying the proportion with polycystic ovaries in the group completing an ultrasound, by the number not undertaking an ultrasound. 
Results
The study population Table I characterizes all women interviewed (n ¼ 728), and of these, the women who met the conditions for clinical examination (n ¼ 277), and those for whom an ultrasound was completed (n ¼ 108). The participants reported that they were primarily of European ancestry (94% of 725), with the remainder being Pacific Islander or Aboriginal (3%), Asian (1%), Middle-eastern (1%) or South American (1%). Almost a third of women of European decent (29% of 686) reported Mediterranean ethnicity (Greek, Italian or Spanish). Some 203 (28%) of the study participants were obese (!30 kg/m 2 ). Of the 728 women interviewed, 154 (21.2%) were classified as hirsute (mF-G score !8) and 173 (23.8%) had a history of menstrual dysfunction. There were 41 women (5.6%) who reported a prior PCOS diagnosis. At interview, 275 women (38%) were currently using the OCP. Women currently taking the OCP (per Table I ) did not differ significantly in the proportion with PCOS or any of the PCOS criteria to those not taking the OCP [e.g. 25.1 versus 23.0% (P ¼ 0.53), 20.7 versus 21.4% (P ¼ 0.85); taking versus not taking the OCP, for menstrual dysfunction and hirsutism, respectively]. Therefore these two groups (taking and not taking the OCP) were not assessed separately.
Not all women who met the conditions for a clinical examination had an ultrasound, as 122 declined, 33 were not referred due to clerical errors, seven were interviewed after the clinical examination period closed, and we were unable to trace seven women. However, the ethnicity, anthropometry, parity, degree of hirsutism and history of menstrual dysfunction for women who completed an ultrasound was not significantly different from those who did not do so (data not shown). Among the 108 women who completed the ovarian ultrasound, 41 (38.0%) had polycystic ovaries. None of these women exhibited signs of other disorders that should be excluded before a diagnosis of PCOS could be made. Table II compares the estimated prevalence of PCOS using the three different criteria. The combination of hirsutism and/or high free T (above the 95th percentile) and menstrual dysfunction occurred in 63 women. This group was therefore classified as having PCOS under the NIH criteria, giving an overall prevalence of 8.7% (63/ 728; 95% confidence interval: 6.6, 10.7). A total of 87 women fulfilled the Rotterdam criteria giving a prevalence of 11.9% (95% confidence interval: 9.6, 14. or menstrual dysfunction. However, by assuming that the women who did not have an ultrasound had a similar prevalence of polycystic ovaries and including the imputed data, this prevalence estimate increased to 17.8% (95% confidence interval: 15.0, 20.6). On the basis of the AES recommendations, 74 were classified as having PCOS (comprising the 63 women with menstrual dysfunction and hirsutism and 11 with hirsutism and/or high free T and polycystic ovaries). This equated to a prevalence of 10.2% (95% confidence interval: 8.0, 12.4). This prevalence increased to 12.0% (95% confidence interval: 9.7, 14.4) upon inclusion of the imputed data of women who did not have an ultrasound examination.
PCOS prevalence
Discussion
This study found the prevalence of PCOS under the NIH criteria to be 8.7 + 2.0%. This value was slightly higher than the 6.5 -6.8% obtained in three other prevalence studies that also used the NIH criteria (Diamanti-Kandarakis et al., 1999; Asuncion et al., 2000; Azziz et al., 2004) . With the Rotterdam criteria, the prevalence was 11.9 + 2.4% but increased to 17.8 + 2.8% when imputed data were included. There have been no dedicated prevalence studies using the Rotterdam criteria but the un-imputed prevalence obtained in this study was equivalent to that in a self reported questionnaire on PCOS in Caucasian women which also used these criteria (Lowe et al., 2005) . Under the AES recommendations, PCOS prevalence was 10.2 + 2.2%, and 12.0 + 2.4% with the imputed data. There are no published prevalence studies using the AES criteria for comparative purposes. This study therefore found that the imputed prevalence of PCOS under the Rotterdam criteria was over twice the NIH prevalence obtained in this study, and even the un-imputed prevalence, under both the Rotterdam and AES criteria were approximately twice that of values in previous NIH criteria prevalence studies.
The methodological strengths of this study include it being the largest and only community-based prevalence study of PCOS to be carried out on a primarily ethnically homogeneous Caucasian population. Previous PCOS prevalence studies have relied upon convenience samples, for example, recruiting women through publicity campaigns (Diamanti-Kandarakis et al., 1999) , university employee medical examinations (Knochenhauer et al., 1998; Azziz et al., 2004) or blood donors (Asuncion et al., 2000) . These studies were not fully randomized and are unlikely to be representative of the general population, as university employees are likely to be of higher socioeconomic status and blood donors are likely to be healthier than the general population. Unfortunately, no statistical evidence was supplied in these prevalence studies to determine the representativeness of participants. In contrast, our study was inclusive of all women across a whole birth cohort, which would be less likely to discriminate based on socioeconomic and health status and includes statistical comparisons with non-respondents. The study has the additional advantage of being highly inclusive, as women who were pregnant, on the OCP or had hysterectomies were questioned on PCOS symptoms retrospectively. Furthermore, the representation of prevalence under the current diagnostic criteria, as well as each of the criteria separately permits values obtained in this study to be compared with a wider range of other studies. The study population is also comparable to other western populations (Razak et al., 2005) in terms of levels of obesity and waist circumference, although the levels reported are lower than those reported in the USA (Flegal et al., 2002; Zhu et al., 2002) . As a consequence, this is one of the most representative studies of PCOS prevalence in Caucasian women to date.
The sampling frame does, however, restrict generalizations to women born in Australia who are of Caucasian extraction and in the 27-34 year age group. The restricted age range was a design feature to compress variability in disease experience due to age, but as a consequence prevalence estimates should be generated for further age ranges. The restriction of our study to Adelaide residents was unlikely to have biased results greatly as a majority of women born in the study period were still resident in Adelaide (69.3%). The response rate of those agreeing to be interviewed of 52.9% was not unexpected from such an intrusive study but it is possible that this may have affected the representativeness. However, statistical analyses showed no significant difference in demographic characteristics, apart from slightly higher (by 3.3%) socio-economic status, between respondents and non-respondents. The inclusion of OCP users increased the representativeness of the study but this may have also increased the error associated with estimates as the presence of menstrual irregularity and hirsutism relied upon recall and the OCP can reduce hyperandrogenism (Mulders et al., 2005) , or ovarian volume and follicle number (Somunkiran et al., 2007) . However, we found no significant difference in the prevalence of PCOS symptoms between OCP and non-OCP users.
Ultrasounds and blood tests were not carried out on women who did not present with clinical symptoms of PCOS, as was also the case in an Asian community study of PCOS prevalence (Kumarapeli et al., 2008) . There may have been some women in this group who had hyperandrogenemia and polycystic ovaries but literature suggests this is likely to be less than 1% of those with PCOS (Kumarapeli et al., 2008) . The inability to perform ultrasounds on all participants with one or more PCOS criteria was accounted for by assuming the prevalence of polycystic ovaries was the same in women who did not undergo an ultrasound (Azziz et al., 2004) . This increased the error associated with estimating the number with PCOS but it is unlikely this would have been great, as anthropometry and PCOS symptomatology among those who did and did not undergo an ultrasound were not significantly different. Despite these limitations, it is argued that this strategy is preferable to the convenience sampling used in previous PCOS prevalence studies of Caucasian populations which introduced bias that could not be quantified or adjusted for in the analysis.
This study suggests that PCOS prevalence under the NIH criteria, in a predominately Caucasian community, is higher than previously believed. However, because the definition and prevalence of PCOS symptoms, particularly hyperandrogenism and ovulatory dysfunction, differ widely between previous studies, the capacity to reconcile prevalence estimates with our study is limited. For example, in defining menstrual dysfunction, oligo-menorrhoea has been variously defined as the number of cycles per year (Knochenhauer et al., 1998; Azziz et al., 2004) and, or the number of days between cycles (Diamanti- Kandarakis et al., 1999; Asuncion et al., 2000; Azziz et al., 2004) . The prevalence of women reporting menstrual dysfunction in our study, defined by current status (or usual status if taking OCP, pregnant etc.), was high (23.8%) and may be due to our definition of menstrual irregularity including those with polymenorrhea or cycles with a variation of 4-days or more (Polson et al., 1988; Cresswell et al., 1997) . However, this value was in a similar range to the study of Azziz et al. (2004) who also included polymenorrhea. Furthermore, if those with polymenorrhea had been excluded, the un-imputed prevalence under all three PCOS diagnostic criteria would have only deceased by 0.3%. The identification of clinical hyperandrogenism has also been broad, including the presence of acne or alopecia as criteria in one study (Asuncion et al., 2000) and the cut off values used in the mF-G scale to assess hirsutism have varied between six (Knochenhauer et al., 1998; Diamanti-Kandarakis et al., 1999; Azziz et al., 2004) and eight (Asuncion et al., 2000) . Our study used a mF-G score cut-off of !8 but if it had been six, a further 13 women would have been identified as having PCOS, increasing the prevalence under the NIH criteria to 10.4% (n ¼ 76). As a consequence, it is difficult to compare PCOS prevalence between studies and as Asuncion et al. (2000) pointed out, if Diamanti-Kandarakis et al. (1999) had considered women with clinical hyperandrogenism, normal androgen levels and oligomenorrhea to have PCOS, as was the case in our study, the prevalence would have been 10.4%. Likewise, if Asuncion et al. (2000) had included women with polymenorrhea and the mF-G cut-off had been six instead of eight, the prevalence would have been higher but conversely, it may also have been lower if acne or alopecia had been excluded.
The prevalence of hirsutism in our study was higher (21.2%) than generally reported in the population (DeUgarte et al., 2006) , as well as three other PCOS prevalence studies (Knochenhauer et al., 1998; Asuncion et al., 2000; Azziz et al., 2004) , which may have elevated our PCOS prevalence. However, it was comparable to a Greek prevalence study of 29% (Diamanti-Kandarakis et al., 1999) and as our study population had a high proportion of women with Mediterranean ethnicity (29%), this could have contributed to the high prevalence. Alternatively, the lower hirsutism prevalence in other studies may be an artefact of alternate methodologies. The mF-G scores were selfreported in our study to enable the highest participation rate and thereby the broadest representation of the community. If hirsutism were assessed by a third party, stigmatizing symptoms may be underreported, or hair growth prior to hair removal may not be assessed as this can only be self reported. Furthermore, the possibility that selfreporting may have led to higher mF-G scores is not supported by a study that found large discrepancies in mF-G scoring by the patient, physician and research nurse but no evidence of a trend towards any one assessor being consistently higher than another (Wild et al., 2005) .
This study, as well as others investigating PCOS prevalence has drawn attention to the issue of many people in the community with PCOS remaining undiagnosed. In our study, under the NIH criteria, 43 (68% of 63) women did not have an existing PCOS diagnosis and under the Rotterdam criteria this figure was 60 (69% of 87). Consequently, the opportunity to manage symptoms, as well as instigate proactive health regimes that may minimize long-term illness is not possible in the large number of women with undiagnosed PCOS. Conversely, there were 21 (51% of 41) women with a prior PCOS diagnosis that were not classified as having PCOS in this study under the NIH criteria, and 14 (34% of 41) under the Rotterdam criteria. Therefore, either PCOS was assessed differently when they were previously diagnosed, or the symptoms may have resolved, as can occur particularly following weight loss (Crosignani et al., 2003) . If this were the case, the prevalence would be higher than figures quoted here. For example, if the 14 women with only a prior PCOS diagnosis were added to the Rotterdam criteria figures in this study, the prevalence would increase to 13.9%; and if imputed values were also included the prevalence would reach levels equivalent to those of polycystic ovary prevalence on ultrasound alone (Polson et al., 1988; Cresswell et al., 1997) .
In conclusion, this study is the largest and arguably the most inclusive and representative study conducted to date, as well as the first to compare all protocols commonly used internationally for the diagnosis of PCOS. The prevalence of PCOS in this study using the NIH criteria was slightly higher than values obtained in other prevalence studies, and based on the more current Rotterdam or AES criteria, prevalence was far in excess of previously quoted figures using the NIH criteria. However, variability in the application of diagnostic criteria and their cut-offs, together with uncertain sampling frames limits our ability to compare and reconcile the range of existing prevalence estimates with our study. To overcome this, we recommend additional refinements specifying more exact measures within each of the diagnostic criteria for future planned studies. The prevalence results must also be viewed with respect to the current PCOS diagnostic criteria being a classification system for a disorder with unknown aetiology and as such the prevalence will change as more is understood of the disorder and the criteria are subsequently refined. In the interim, to permit temporal comparisons of PCOS prevalence, future prevalence studies should include the prevalence of the individual diagnostic criteria, as well as how each of the criteria was defined. In addition, studies should include a measure of representativeness, such as response rates and statistical comparisons with a standard population.
